The authors report on their experience with bone defect treatment following surgery of jaw-bone cysts. This is based on the use of cadaveric ground spongiosis saturated with tetracycline and metronidazol solution. The study shows the above mentioned material is very suitable for bone defect therapy, and cost effective. The results were verified by clinical and X-ray examination.
INTRODUCTION
Odontogenic cysts are among the most frequent diseases of the jaw-bone. Their origin, mechanism of growth, as well as treatment related problems have been often discussed. What remains often problematic is healing of the bone defect after surgical removal of the cysts. This is a complicated process particularly after the removal of medium and large cysts requiring long-term postoperative care with local therapy. The final cure in the operated area is often problematic too. Moreover, there is the significant risk of pathological fracture of the weakened bone.
The precondition for bone defect healing is sufficient precipitate. However, the standard of blood may not be optimal in the process following the surgery. Filling the bone defect with various materials can substantially reduce its volume. A number of authors have been recommended that these cavities be filled with e.g. absorbable gelatin sponge, fibrin preparations, bone grafts or autologous, homologous or heterologous gristly grafts. At present, pharmaceutical companies compete in offering allogenic graft materials of various quality, which makes the best choice rather difficult, and especially considering that these materials are mostly very expensive. Moreover, after using some of them, allogenic material only in particular, the bone defect does not usually ossify. It fills only with inferior fibrous tissue.
Our study focuses on selection of material with properties that meet the highest biocompatibility criteria. At the same time, the material should be easy to handle and apply to bone defects; it should not only fill the cavity, but also support and speed up ossification following from its biological characteristics.
MATERIALS AND METHODS
In 1999, 85 patients were operated on for cysts of jaw-bones at our Department. In a group of 18 patients (7 female and 11 male), lyophilized ground cadaveric bone spongiosis saturated with tetracycline and metronidazol solution was used for bone defect reconstruction. No method of augmentation was used in the second (control group) of 11 patients (5 female and 6 male). The average age of the patients in the first group was 46 years, in the second, control group, 42 years.
Homologous cadaveric spongy tissue was used for augmentation of the bone defects. The material was supplied by the Tissue Bank of the University Hospital in Brno-Bohunice. Both the criteria and processing of this material fully meet European standards. The selection of donors depended on their personal and family history, on medical examination and on the results of serological tests. Tissue is not collected from donors suffering from hepatitis, active tuberculosis, uncured syphilis or who are HIV positive. The collection is also contraindicated in sepsis, systemic virus affection mycosis or any tumor disease aside from brain tumors, dermal basaliomas and recovered carcinomas in situ. The collection of bone grafts is carried out under sterile conditions. The quality control includes serological examination (HIV 1.2, HbsAg, HCV, syphilis), histological examination of the bone graft and sterility control which is carried out repeatedly in the course of collection and biological material processing. The bone grafts are used for transplantation only when all of the above mentioned examinations are negative. The spongiosis is harvested mechanically from condyles and heads of the long bones of the lower limbs.
In this study, in the first phase, fat was mechanically removed and a stream of warm water washed out bone marrow from the spongiosis. The final purification was carried out several times in 3 % solution of hydrogen peroxide. Lyophilization (freezing to -80 degrees Celsius followed by sublimation of water in vacuum) was performed after drying up. The spongiosis was ground, sorted out, made into portions, and packed in double sealed PVC covers (Fig. 1) . The size of single particles varied between 3-5 mm on average.
The spongiosis was processed under sterile conditions in the operating room. Sterility of the product was ensured by radiation (25 kGy). Shortly before application, the material was saturated with a solution of 0.25 g tetracycline and 0.25 g metronidazol and 5 cm 3 of saline. The use of these preparations, especially tetracycline, was closely allied with the following healing of the bone wound filled with the cadaveric spongy bone. tetracycline and metronidazol (Fig. 3) . In case the wound in the bone was not bleeding enough, the bone transplant was saturated with venous blood collected from the patient's cubital vein. The wound was then covered with silk suture. Lincosamid antibiotics were applied systemically to prevent inflammatory complications.
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OPERATING PROCESS
During the course of surgery (cystectomy, in some cases complemented by apex amputation of endodontically treated causal tooth or by its extraction) attention was paid to where the mucous section was to be performed, this should if possible be above a high-quality bone basis (Fig. 2) . After cystectomy, the bone defect was filled with cadaveric spongy bone saturated with 
RESULTS
The size of the bone defects ranged from 1 cm 3 to 20 cm 3 (Fig. 4, 7, 10 ). The results of histopathological examination of the cystic bags (radicular and dentigerous cysts) were mostly identical with the clinical diagnosis. The course of treatment was monitored by clinical and X-ray examination just after the operation and then after 3 months in the first group and 6 months in the second group. Another examination was carried out 3 years later. This permitted analysis of only 9 patients from the first group and 11 patients from the second control group. This fulfilled the requirement of a 3-year interval between check-ups. Smooth course of healing without exsudation of the augmentative material from the bone defect, checked by X-ray examination, was set as the criterion for successful therapy.
Clinical examination of patients in the first group within the course of only 2 weeks postoperatively showed partial exsudation of the augmentative material only in 2 out of 18 patients (11 %) (Graph 1). This was observed in cases, where the suture was not situated straight above a high-quality bone basis or the mucous lobe could not be fastened enough to the neck of the tooth located in the immediate proximity of the operated area. These minor complications did not fundamentally influence the postoperative progress. Three months later, the X-ray examination shoewd vague margins of the postoperative defect providing evidence for successful healing. We failed to find any radiolucent zone around the graft that would demonstrate its demarcation or excretion. In some cases the margins of the original bone defect were already almost imperceptible (Fig. 5, 8 ). Bone treated in this way showed striking rapidity of healing, especially in cases where the distal root of the second lower molar reached the cyst area as well. Extraction of the tooth during the operation was necessary. Not only the bone defect but also the alveolus of the distal root was filled with augmentative material after the cystectomy. The alveolus of the mesial root healed in a standard way. The radiographs show the difference in ossification of both areas of the bone (Fig. 5) . Three years later, X-ray examination showed the area of the original finding to be fully homogenous (Fig. 6, 9) . None of our patients reported any discomfort.
In the second (control) group the healing complications (disintegration of the wound, genesis of fistula near the oral cavity, food retention in the bone defect) were noticed in 5 of 11 patients (45 %). These problems required long-term attendance of the operated area (lavage, ATB therapy) (Graph 2). X-ray examination provided evidence that the regenerative changes described in the first group 3 months after the surgery, appeared in the second group no earlier than after 6 months (Fig. 5, 8 ). After 3 years the differences demonstrated by X-ray examination tend to diminish. Neither groups of patients experienced any subjective or objective difficulties (Fig. 6, 9, 12 ).
DISCUSSION
Reduction of non-vital areas of the bone defect has often been recommended although. Selection of the most suitable augmentative material has remained question able. Pharmaceutical companies keep flooding the market with heterologous materials collected from pig bone tissue (BIO-GIDE) or with materials of bovine origin (BIO-OSS). They recommend covering these materials with absorbable or non-absorbable membranes after application to the defect. The results of the treatment are promising, especially in periodontology and dental implantology. However, this method does not seem to be satisfactory for the reconstruction of more extensive jaw-bone defects 1 . Moreover, these materials are very expensive and thus not accessible to all in practice. Hydroxyapatite-based (HA) preparations are cheaper. This material is used for total heightening of edentulous alveolar ridge 2 or for bone defect filling. It is a non-absorbable allogenic material known as e.g. BAS-HA or BAS-O. Despite some authors recommend ations and claims for, good results, our experience with has not been the best: particles of implants were often excreted through the fistulas and a rather rigid scar infiltrated with HA fragments developed on the site of implantation instead of in the expected bone tissue.
Another method is bone defect reconstruction with hydroxyapatite harvested from natural corals 3 . Filling the bone defect with a placenta graft is, in our opinion, relatively unusual 4 . In practice it is possible to use autologous material, e. g. from the iliac bone crest 5 . Unlike other authors 6 we consider this unnecessarily burdening for the patient. Moreover, it may be connected with a risk of complications 7 . The use of lyophilized cadaveric spongy bone tissue is a relatively frequent, comfortable and safe method for postoperative bone defect reconstruction. It is more successful than e. g. the use of absorbable gelatin sponge [8] [9] [10] [11] . Lyophilized material is easy to store and perioperative manipulation operation is very simple. Materials requiring storage in a deep-frozen state 12 may not be always ready for immediate use and their storage is more demanding. We presumed that the spongy bone saturation with tetracycline solution would favorably affect healing of the bone wound. The antimicrobial effect of tetracycline bacteriostatically affects G-bacteria. Later, its inhibitive effect against collagenasis speeds up proper ossification of the postoperative bone defect [13] [14] [15] [16] [17] [18] [19] [20] [21] . Metronidazol potentiates the antimicrobial effect of tetracycline and acts against most anaerobes. All these effects together speed up the bone wound healing. In concentrations used for our study, neither of the two preparations was contraindicated except for their possible antigenic effects in hypersensitive individuals.
The authors, using only demineralized, frozen spongiosis, confirm satisfactory healing of the defect after 6-9 months in children and 9-15 months in adults.
Bone defects of the facial skeleton -replacement with biomaterials
The fact that postoperative healing in the first group of patients showed no serious complications and successful and rapid ossification took place, even in cases where the augmentative material was partly excreted, speak clearly in favor of the proposed method. It is undeniable that 3 years after surgery the effect of treatment was identical in both groups. However, more rapid restitution of bone structures in patients in the first group justifies the use of augmentation materials. In the first group of our patients the first signs of remodeling and ossification of the bone defects occurred as early as one month after the augmentation. The cost of lyophilized ground cadaveric spongy bone is compares very favourably with the above mentioned materials supplied by pharmaceutical companies.
CONCLUSION
The presented study deals with augmentation of postoperative jaw-bone defects using ground cadaveric spongy bone saturated with tetracycline and metronidazol solution. The success rate of the therapy was evaluated by clinical and X-ray examinations performed at 3 months' and 3 years' intervals after operation in the first group, 6 months' and 3 years' intervals after operation in the second (control) group.
The results obtained so far indicate that the selected cadaveric spongy bone graft saturated with tetracycline and metronidazol not only fills the bone defect but at the same time speeds up its restoration. Minimal complications occurred (partial sequestration of the material in 2 patients) but even in these cases the defect ossified rapidly. The material is easy to apply and cost is effective. This rationale will certainly contribute to wide application of the material in jaw-bone surgery, including guided bone regeneration. 
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